Abstract. We prove that weak invariance is equivalent to strong invariance in the framework of quasi-regular local positivity preserving forms with lower bounds. As an application, we give an ergodic decomposition of Markov processes associated with quasi-regular local semi-Dirichlet forms with lower bounds. As consequences, criteria of transience and recurrence for Markov processes associated with quasi-regular semi-Dirichlet forms with lower bounds are presented.
Introduction and statement of result
In this paper, we investigate invariant sets and an ergodic decomposition of a Markov process associated with a local semi-Dirichlet form admitting a lower bound. The notion of the invariant set of a semigroup associated with a symmetric Dirichlet form (with a lower bound 0) was introduced by Fukushima [10, 11] as an analogous notion of the invariant set of a Markov chain and he gave criteria for irreducibility of Dirichlet forms. The properties of invariant sets of symmetric Markov processes were well studied by Ôkura [25] . The ergodic decomposition of Markov chains were studied by Foguel [7, 8] . In [7] , he introduced the notions of dissipative part and conservative part with respect to the dual operator on L 1 .m/ of the transition operator on L 1 .m/ under a measure m, which are formulated as components of the ergodic decomposition. It has been considered that in the dissipative (resp. conservative) part, the process behaves transient (resp. recurrent). The notions of dissipative and conservative parts of a pair of Markov processes in weak duality with respect to a measure were also introduced by Fukushima [9] and an ergodic decomposition was given in it. On the other hand, Fitzsimmons-Maisonneuve [6] introduced the dissipative part and excessive part of an excessive measure in the framework of Borel right processes and gave an ergodic decomposition for excessive measures. Their result can be thought as an ergodic decomposition for non-symmetric Markov processes admitting dual processes. In this connection, Blumenthal [2] gave a different characterization of dissipative and conservative parts of excessive measures and clarified that any excessive function is invariant almost everywhere with respect to the conservative part of an excessive measure (see also Propositions 2.9 and 2.11 in Getoor [14] ). The notions and properties of invariant sets, the dissipative part and conservative part of symmetric Markov processes are well formulated in the textbook [12] by Fukushima-Oshima-Takeda. Oshima [28] also studied the invariant sets of nonsymmetric regular Dirichlet forms. Recently, in the framework of non-symmetric Dirichlet forms over a Euclidean space, Jacob [16] introduced the notion of a weakly invariant set and show that the conservative part is weakly invariant. His notion can be applied to the framework of semi-Dirichlet forms admitting lower bounds. Meanwhile, Schilling [30] proved that for sub-Markovian operators the weak invariance is equivalent to the strong invariance under the condition that the dual transition operator is also (sub-)Markovian and recurrent. On the other hand, Ouhabaz [26, 27] gave a generalization of weak invariance in terms of closed convex sets in Hilbert space.
In this paper, we show the equivalence between the weak invariance and the (strong) invariance under the local property of the quasi-regular positivity preserving form (Theorem 1.1). As a consequence, we give an ergodic decomposition for diffusion processes associated with local semi-Dirichlet forms admitting lower bounds (Theorem 1.3), which gives several criteria for transience and recurrence of diffusion processes. Ergodic decompositions for general Markov processes associated with semi-Dirichlet forms are not established yet, which is a motivation of the study of (weakly) invariant sets of semi-Dirichlet forms.
Let us illustrate our formulation and state the results. Let E be a separable metric space and m a -finite Borel measure on E. Let B.E/ be the totality of Borel subsets of E and B b .E/ the totality of bounded Borel functions on E. Denote by . ; / m the inner product over
Here the family of bounded linear operators .T t / t 0 on L 2 .EI m/ is said to be a C 0 -semigroup on L 2 .EI m/ if T t Cs D T t T s for t; s 0, T 0 D I and kT t u uk 2 ! 0 as t ! 0. It is well known that for a C 0 -semigroup .T t / t 0 on L 2 .EI m/, there exist M 1 and 0 such that kT t k 2!2 Ä Me t for any t > 0. An m-measurable subset B of E is said to be weakly invariant with respect to .T t / t 0 if 1 B c T t 1 B u D 0 for any t > 0 and u 2 L 2 .EI m/, equivalently B c is weakly invariant with respect to . O T t / t 0 . An m-measurable subset B of E is said to be (strongly) invariant with respect to .T t / t 0 if T t 1 B u D 1 B T t u for any t > 0 and u 2 L 2 .EI m/. Clearly, the strong invariance implies the weak one and B is strongly invariant if and only if both B and B c are weakly invariant. So if .T t / t 0 is symmetric, then the weak invariance is equivalent to the strong one. Fix 0. A bilinear form .E; F/ is said to be a positivity preserving form with a lower bound on L 2 .EI m/ if .E ; F/ is a coercive closed form having the property that for u 2 F, u C ; u 2 F and E.u C ; u / Ä 0, equivalently
. A bilinear form .E; F/ is said to be a semi-Dirichlet form with a lower bound on L 2 .EI m/ if .E ; F/ is a coercive closed form having the property that for u 2 F, u C^1 2 F and E.u C^1 ; u u C^1 / 0, equivalently, E.u C u C^1 ; u u C^1 / ku u C^1 k 2 2 (see [17, 21] ). Any semi-Dirichlet form with a lower bound on L 2 .EI m/ is automatically a positivity preserving form with a lower bound on L 2 .EI m/ (see [24] ). Let .E; F/ be a semi-Dirichlet or positivity preserving form with a lower bound on L 2 .EI m/. Then there exists a C 0 -semigroup .T t / t 0 on L 2 .EI m/ such that .e t T t / t 0 is contractive on L 2 .EI m/ and its resolvent .G˛/˛> defined by
If .E; F/ is a positivity preserving (resp. semi-Dirichlet) form with a lower bound on L 2 .EI m/, then .T t / t 0 satisfies that T t u 0 if u 0 (resp. 0 Ä T t u Ä 1 if 0 Ä u Ä 1) for any t > 0 and u 2 L 2 .EI m/. For the details, see [3, 17, 21] .
A positivity preserving (resp. semi-Dirichlet) form with a lower bound on L 2 .EI m/ is said to be quasi-regular if .E ; F/ is a quasi-regular positivity preserving (resp. semi-Dirichlet) form on L 2 .EI m/ in the sense of Ma-Röckner [24] (resp. Ma-Overbeck-Röckner [22] The main purpose of this paper is to prove the following theorem.
Theorem 1.1. Suppose that .T t / t 0 is associated with a quasi-regular local positivity preserving form .E; F/ with a lower bound on L 2 .EI m/. Then the weak invariance with respect to .T t / t 0 is equivalent to the strong invariance. As an application of Theorem 1.1, we give an ergodic decomposition of the right diffusion process associated with a quasi-regular local semi-Dirichlet form with a lower bound on L 2 .EI m/. Take a point @ … E which is added to E as an isolated point. If E is a locally compact, then it is added to E as one point compactification. We consider a Borel right m-tight special standard process M D . ; X t ; P x / x2E @ . M is said to be associated with a semi-Dirichlet form .E; F/ with a lower bound on L 2 .EI m/ if T t u D P t u m-a.e. x 2 E for any Borel function u 2 L 2 .EI m/, where P t .x; dy/ is the transition kernel of M, i.e. P t .x; A/ WD P x .X t 2 A/ for A 2 B.E/. We say that M satisfies the absolute continuity condition with respect to m if P t .x; dy/ m.dy/ for any x 2 E and t > 0. M is called a strong Feller process or M satisfies strong Feller property if P t maps B b .E/ to C b .E/ for each t > 0. If M is associated with .E; F/ above and m has full topological support, the strong Feller property of M implies the the absolute continuity condition with respect to m.
A set B E is said to be M-invariant if B is nearly Borel and
Obviously any complement of an M-invariant set is weakly invariant relative to .T t / t 0 associated with .E;
and N is properly exceptional, then B i .i D 1; 2/ is strongly invariant relative to .T t / t 0 .
Theorem 1.3 (Ergodic decomposition I).
Let .E; F/ be a quasi-regular local semiDirichlet form with a lower bound on L 2 .EI m/ and assume that there exists a Borel right m-tight special standard process M associated with .E; F/. Then M admits the following decomposition: there exist M-invariant sets E c , E d and a properly exceptional set N such that If .T t / t 0 is also a family of contractive operators on L 1 .EI m/, then we have the following assertion without assuming the local property of .E; F/.
Theorem 1.4 (Ergodic decomposition II).
Let .E; F/ be a quasi-regular semiDirichlet form with a lower bound on L 2 .EI m/ and assume that there exists a Borel right m-tight special standard process M associated with .E; F/. Suppose that .T t / t 0 forms a family of contractions on L 1 .EI m/, i.e. .E; F/ is a (non-symmetric) Dirichlet form with a lower bound on L 2 .EI m/. Then similar conclusions as in Theorem 1.3 hold. More strongly, we have that for any m-a.e. nonnegative g 2 L 1 .EI m/, Rg < 1 E-q.e. on E d . Remark 1.5. The basic part of Theorem 1.4 can be included in [2, 6, 9, 16] . However, there has been no explicit description of ergodic decomposition in the frame-work of non-symmetric Dirichlet forms, so we expose it for later use (see Theorem 1.7 below).
Any coercive closed form .E; F/ with a lower bound on L 2 .EI m/ is said to be strictly irreducible (resp. irreducible) if for any weakly (resp. strongly) invariant set B relative to the C 0 -semigroup .T t / t 0 of .E; F/, m.B/ D 0 or m.B c / D 0. Corollary 1.6. Let .E; F/ be a quasi-regular semi-Dirichlet form with a lower bound on L 2 .EI m/ and assume that there exists a Borel right m-tight special standard process M associated with .E; F/. Further assume one of the following:
.E; F/ is local and irreducible.
.E; F/ is a strictly irreducible (non-symmetric) Dirichlet form.
Then M is either transient in the sense specified in Theorem 1.3 (2) or recurrent in the sense that Ru Á 1 E-q.e. for any m-a.e. nonnegative Borel function u with m.u > 0/ > 0. If further M satisfies the absolute continuity condition with respect to m, then M is either transient in the sense of Getoor [13] or recurrent in the sense that Ru Á 1 for any m-a.e. nonnegative Borel function u with m.u > 0/ > 0. Take an open set G such that E n G is non-E-polar. Then the conservative part
Further assume that M satisfies the absolute continuity condition with respect to m. Then G D G d , and M G is transient in the sense of Getoor [13] .
Theorem 1.8 (Recurrence criterion I).
Let .E; F/ be a quasi-regular semi-Dirichlet form with a lower bound on L 2 .EI m/ and assume that there exists a Borel right m-tight special standard process M associated with .E; F/ satisfying the absolute continuity condition with respect to m. We assume one of the following:
Suppose further that all excessive functions of M are lower semi-continuous on E. If E is compact, 1 2 F and E.1; v/ D 0 for v 2 F, then M is recurrent in the sense that Ru Á 1 for any m-a.e. nonnegative Borel function u with m.u > 0/ > 0.
If D 0 and .E; F/ satisfies the strong sector condition in the sense that there exists K > 0 such that
then we can consider the notion of extended Dirichlet space F e defined in the following way: u 2 F e if and only if that there exists an E-Cauchy sequence ¹u n º F such that u n converges to u as n ! 1 m-a.e. For u; v 2 F e and E-Cauchy sequences ¹u n º; ¹v n º m-a.e. converging to u, v respectively, we see that E.u n ; v n / is a Cauchy sequence by the strong sector condition. Then we can set E.u; v/ WD lim n!1 E.u n ; v n / (see [18] .E; F/ is local.
.E; F/ is a non-symmetric Dirichlet form.
We further assume that .E; F/ satisfies the strong sector condition. Then the following are equivalent to each other:
(1) M is recurrent in the sense that Ru D 1 or 0 E-q.e. for any m-a.e. nonnegative Borel function u.
(2) There exists a sequence ¹u n º in F such that u n converges to 1 m-a.e. and E.u n ; u n / ! 0 as n ! 1. 2 Transience and recurrence for positivity preserving
Throughout this section, we fix a positivity preserving C 0 -semigroup .T t / t 0 on L 2 .EI m/ which is extended to a family of positivity preserving contraction operators on L 1 .EI m/ (that is kT t f k 1 Ä kf k 1 for t > 0 and f 2 L 1 .EI m/). Note that .T t / t 0 is not necessarily contractive on L 2 .EI m/ and we do not assume that .T t / t 0 is Markovian. Note that the dual semigroup . O T t / t 0 is also a C 0 -semigroup on L 2 .EI m/. We set S t WD R t 0 T s ds and G˛WD R 1 0 e ˛s T s ds for t > 0,˛> 0. Then S t , G˛can be extended to positivity preserving bounded linear operators on L 1 .EI m/ and
Then we can define
The limit exists m-a.e. but may take the value 1.
The following lemmas also hold under the present framework. The proofs are quite similar to those in [12] and [16] . So we omit them. C .EI m/ such that g is strictly positive m-a.e. on E and Gg < 1 m-a.e. Remark 2.4. For the proofs of Lemmas 2.2 and 2.3, we only need the contraction property of .T t / t 0 on L 1 .EI m/ and its positivity preserving property. We do not assume the Markovian property of .T t / t>0 . Jacob [16] also proved them under the condition that E D R n and .T t / t>0 is a sub-Markovian L p -semigroup for some p 2 1; 1OE, which is also contractive on L 1 .EI m/.
The following lemma is also similarly proved as in Lemma 
Owing to the Hopf's maximal ergodic inequality (Lemma 2.2), we have the following lemmas below. 3 Proof of Theorem 1.1
We fix a C 0 -semigroup .T t / t 0 on L 2 .EI m/.
Lemma 3.1. Suppose that .T t / t 0 is associated with a coercive closed form .E; F/ on L 2 .EI m/ with a lower bound . Let B be a measurable set. Then the following are equivalent:
(1) B is weakly invariant with respect to .T t / t 0 .
is clear. We first show (2) H) (1). Suppose (2) and take˛> . Take u; v 2 L 2 .EI m/ and set .t / WD e t .1 B c T t 1 B u; v/ m . Owing to the strong continuity of the L 2 -contractions .e t T t / t 0 , is a bounded continuous function on OE0; 1OE. By assumption, we see Next we show (2) H) (3). Suppose that (2) holds. We set E .ˇ; / .f; g/ WĎ .u ˇGˇC f; g/ m for f; g 2 L 2 .EI m/. By Chapter I, Lemma 2.11 (ii) in MaRöckner [23] , E .ˇ; / also satisfies a weak sector condition: for each 0 > , there [26] shows that the weak invariance of B is equivalent to 1 B u 2 F and E.1 B u; 1 B c u/ 0 for all u 2 F (see also Theorems 2.2 and 2.10 in [27] ). The content of Lemma 3.1 is stronger than his result.
Proof of Theorem 1.1. We may assume D 0. Suppose that B is weakly invariant relative to .T t / t 0 . The local property of .E; F/ implies that E.1 B c u; 1 B v/ D 0 holds for u; v 2 F by Proposition 1.4 in [31] , implying the weak invariance of B c relative to .T t / t 0 by Lemma 3.1. Therefore we arrive at the strong invariance of B relative to .T t / t 0 (see also Theorem 5.1 in [21] or Theorem 1.5.1 in [28] ). The following proposition is an addendum. Proposition 3.4. Suppose that B is a weakly invariant set with respect to .T t / t 0 and .T t / t 0 is associated with a quasi-regular positivity preserving form .E; F/ on L 2 .EI m/ with a lower bound . Then 1 B admits an E-quasi-continuous m-version 1 Q B , so Q B is simultaneously E-quasi-open and E-quasi-closed.
Proof. Fix˛> . The quasi-regularity of .E; F/ assures that for m-a.e. strictly positive f 2 L 2 .EI m/, h WD G˛f admits an E-q.e. strictly positive E-quasicontinuous m-version Q h. By Lemma 3.1, 1 B w 2 F for any w 2 F. Therefore
x/ D 1º satisfies the desired assertion. 
Gg with an m-a.e. strictly positive g 2 L 1 .EI m/ \ L 2 .EI m/. Then 0 < h < 1 m-a.e. on E by use of Lemma 3.6 in [24] . We may assume the Borel measurability of h.
Let u 2 L 1 .EI hm/ \ L 1 .EI m/ be an m-a.e. strictly positive bounded Borel function. Note that such a function always exists. Indeed, take an m-a.e. strictly positive Borel function v 2 L 1 .EI m/. Then u WD .v= h/^v^1 satisfies the desired property. We see
which implies Ru < 1 m-a.e. on E. Fix an˛> . Then for any measurable A with 0 < m.
which implies Ru R˛u > 0 m-a.e. on E. We may assume 0 Ä u Ä 1 on E by taking a strictly positive Borel function v 2 L 1 .EI m/ in the above.
Then Ru > 0 m-a.e. on E implies Ru > 0 E-q.e. on E, because ¹Ru D 0º is finely open. Indeed, for the set Y WD ¹Ru > 0º, we see that 1 Y is excessive (see [19] ), hence Y is finely open and finely closed. Further we see that Ru < 1 m-a.e. on E implies Ru < 1 E-q.e. on E by Lemma 4.4 in [21] . Thus the modified statement of Proposition 2.2 (i') in [13] holds by replacing Ru < 1 on E with Ru < 1 E-q.e. on E. Hence Proposition 2.2 (iii') in [13] holds by replacing Rh n < 1 on E with Rh n < 1 E-q.e. on E, where h n WD nu. The proof of Proposition 2.2 (iii') H) (i) in [13] can be modified under the condition Rh n < 1 E-q.e. Actually, since the set A n;k WD ¹Rh n Ä kº satisfies that E n S 1 kD1 A n;k is exceptional, we have for E-q.e.
The rest is quite the same as in the proof of Proposition 2.2 (iii') H) (i) in [13] .
Therefore we obtain the assertion. Further we assume the absolute continuity condition of M with respect to m. By Lemma 4.8 in [21] , m has full fine support and every exceptional set is polar under this assumption. Then Ru > 0 on E and the equation (4.1) holds for all x 2 E. As in the same procedure above, we have the statement of Proposition 2.2 (i') in [13] .
Proof of the recurrence of M E c . In view of the M-invariance of E c , we may assume E D E c . In the same way appeared in the proof of the transience as above, we have that Ru > 0 E-q.e. on E for any m-a.e. strictly positive Borel function u on E. Let g be an m-a.e. strictly positive function in L 1 .EI m/ and h an excessive function. Then we claim that for each t > 0, P t h D h m-a.e. Indeed, h n WD h^n, n 2 N, is bounded excessive. Then for each t > 0
Letting k ! 1, we have P t h n D h n m-a.e. by O Gg D 1 m-a.e. Hence for each t > 0, P t h D h m-a.e. by letting n ! 1. We consider h WD Ru for m-a.e. nonnegative Borel function u on E. Then for each t > 0, P t Ru.x/ D Ru.x/ for any x 2 E n N t with an m-negligible set N t depending on t . We set N WD S 1 nD1 N n . Suppose that Ru.x/ < 1 for some x 2 E n N . Then we have S n u.x/ D Ru.x/ P n Ru.x/ D 0 for any n 2 N, which implies
Ru.x/ D 0 for such x. Hence E n N ¹x 2 E j Ru.x/ D 0 or 1º, namely, ¹x 2 E j 0 < Ru.x/ < 1º is an m-negligible finely open nearly Borel set, hence it is E-polar. Under the absolute continuity condition of M with respect to m, m has full fine support by Lemma 4.8 in [21] . Hence ¹x 2 E j 0 < Ru.x/ < 1º D ;. Further assume the m-a.e. strict positivity of u on E. Then ¹x 2 E j Ru.x/ D 0º is a finely open m-negligible set, hence empty. Therefore we have the assertion.
To prove Theorem 1.4, we only show the following:
Let g be an m-a.e. strictly positive function in L 1 .EI m/ and h an excessive function of M. We can conclude that for each t > 0, P t h D h m-a.e. on O E c by the same argument as appeared in the proof of the recurrence of M E c above. By taking h D Rf , we can deduce Rf D 0 or 1 m-a.e. on O E c for any m-a.e. nonnegative Borel function f 2 L 1 .EI m/. Then we have the inclusion as claimed. The converse inclusion is similarly proved by noting that . O T t / t>0 is Markovian. Now we obtain the first assertion. The second assertion follows from the fact that f > 0 m-a.e. implies Rf > 0 m-a.e. for f 2 L 1 .EI m/, which can be similarly proved as in the proof of the transience of M E d .
Next we show the last assertion. By Lemma 2.5, O E c is weakly invariant with respect to . O T t / t 0 . In the same way of the proof of Lemma 2.5, for any m-a.e. strictly positive f 2 L 1 .EI m/, we see that ¹Rf D 1º is weakly invariant with respect to .T t / t 0 under the present condition. Hence O E d and O E c are weakly (consequently, strongly) invariant with respect to both .T t / t 0 and . O T t / t 0 .
Proof of Corollary 1.6. We only prove the recurrence in the sense as stated. Under these conditions, M is transient in the sense specified in Theorem 1.3 (2) or recurrent in the sense specified in Theorem 1.3 (3). Let u be an m-a.e. nonnegative Borel function u on E with m.u > 0/ > 0. Assume first that .E; F/ is local and irreducible. Note that the set ¹Ru > 0º is finely open and finely closed, hence E-quasi-open and E-quasi-closed. Owing to the local property, it is strongly in-variant with respect to .E; F/ by Theorem 5.2 (iii) in [21] . Under the irreducibility of .E; F/, we have Ru D 0 E-q.e. or Ru > 0 E-q.e. Next assume that .E; F/ is strictly irreducible and the semi-Dirichlet property of the dual form holds. In this case the set ¹Ru > 0º is weakly invariant with respect to .T t / t 0 by Lemma 2.5.
Under the strict irreducibility of .E; F/, we have again that Ru D 0 E-q.e. or Ru > 0 E-q.e. The former case Ru D 0 E-q.e. implies that u D 0 m-a.e., which contradicts m.u > 0/ > 0. Hence Ru > 0 E-q.e. Suppose the recurrence of M in the sense specified in Theorem 1.3 (3). That is, Ru D 0 or 1 E-q.e. Therefore we obtain Ru D 1 E-q.e. This completes the proof. Proof of Theorem 1.9. Take any˛> 0. By the strong sector condition for E .1/ , there exists a K > 0 independent of˛such that 
by the PCAF A t WD R t 0 u.X s /ds corresponding the Revuz measure D um has the life time O WD A which is finite P x -a.s. for E-q.e. x 2 E d . On the other hand, the extended Dirichlet space of .E E d ; F E d / is invariant under this type of time change in the framework of quasi-regular semiDirichlet forms satisfying strong sector condition by Fitzsimmons [4] . The method of the proof of Theorem 1.8 works on the time changed process of this type. Then we see that M E d is conservative. This is a contradiction. Therefore M E d is trivial, hence M is recurrent as stated above. Next we prove (1) H) (2) . Suppose that M is recurrent in the sense as stated. Then Rg Á 1 E-q.e. for any m-a.e. strictly positive Borel function g 2 L 1 .EI m/ \ L 1 .EI m/, that is E D E c q.e. In the same way of the proofs of Lemma 1.6.6 and its Corollaries 1.6.1 and 1.6.2 in [12] , we have (2) . This completes the proof.
Examples
Example 5.1. Let us consider E D Z and a counting measure m WD 
Suppose that there exists ı.jbj 2 / 2 0; 1OE and .jbj 2 / 2 OE0; 1OE such that ı.jbj 2 / < 1 and
given by the Girsanov transformation of M w (see [5] ), that is, 
hb.x/; ru.xiu.x/dx Ä C E 1 .u; u/ for any u 2 C Remark 5.4. In [29, Corollary 6.3] , the same result is proved for b 2 C 1;˛. R d / (˛2 0; 1) and d 2 without assuming ı.jbj 2 / < 1. Here C 1;˛. R d / is the Hölder space consisting of functions whose first-order partial derivatives are locally continuous with exponent˛in R d . So our result does not completely cover [29] . However, we can apply many b having no regularity to Proposition 5.3. For example, if jbj 2 is of Kato class or jbj 2 L d .R d / for d 3 (cf. [20] ), then the assertion of Proposition 5.3 holds, which case is not included in [29] . .R m / denotes the set of all infinitely differentiable real-valued functions on R m . It is well known that F C Then .E; F C Then .E b ; F/ is a Dirichlet form with lower bound 0 on L 2 .BI /. The C 0 -semigroup T b t on L 2 .BI / is given by the Girsanov transformation of M OU (see [5] ), that is, T b t f .z/ D E z OEL t f .X t / -a.e. z 2 B, where L t WD expOEM t 1 2 hM i t with M t WD I.b/ t , hM i t D R t 0 kb.X s /k 2 H ds. Here I is the map defined in [15] . We have the same result as in the previous example. The proof is quite similar, so we omit it. Proposition 5.6. Suppose that div b 6 Á 0 in the distributional sense. Then the Girsanov transformed process M OU;b is transient in the sense specified in Theorem 1.3 (2).
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